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HPC could be brain surgery

 Brain aneurysms i< — /
— 2-5% of population — Ny /
most are undiagnosed v

— 30,000 rupture in US .’
each year — 40% fatal

— Early discovery and
treatment increases
survival rates

* Neurosurgery as HPC

— MRI provides the blood
vessel structure

— Intra-cranial blood flow
and pressures Is just
complex CFD

— Full brain 3D model is 2-

10GB geometry a I I i I"IEE
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Impact of Petascale and Beyond

* Individualized HPC

— Patient’'s MRI scan enables surgical decision:
whether to operate, how to operate, ...

— Circle of Willis requires super-Petascale
machine-software

— Need answer In minutes or hours

 Machines can do 20 PetaFLOPs
— Super-Petascale will be affordable soon

— Software has to scale 2
allinea
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Real scaling challenge

* Crashes at 49,152 cores on Cray XC30
— Error message “Terminated”. Thanks.

* Now what?
— Try other (inferior?) partitioner?
— Invest weeks in bug fix by trial and error?
— Write own partitioning library?

 Why use a debugger?
— It's about time
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Allinea DDl 4.2.1-36484 — 8 X

File View Caontrol Search Tools Window Help

=
B b B EBlLETBIB ! -5
Current Group: Fncus on current; @ Group (0 Process (0 Thread Step Threads Together
]
Al 24576 processes (0-24575) Paused: 17223 Playing: Y7353 Finished: O

Currently selected: fon nid00134, pid 2481, main thread WP 2481)

Create Group

Project Files rzjl w MpiEnvironment.ce 3¢ | € xyzparte 3¢ ‘ Locals | CurrentLine(s) | Current Stack |
Search (Cirl+kK) ] € 551 ikvsortii{ntsamples, allpicks); +| CurrentLine(s) @&
. VolmeTrav ] =52 ‘ariable Name Value
"-C- umeTravie| 553 _ . _ 1 allpicks Bl 0222080552010
L wave.c 554 /* Select the final splitters. Set the boundaries to s i M. oS
G- e :;”Ti; 555 for (i=l1; i<npes; i++) 4 mypicks N 02267370
" - Wri:’;“&u" 556 mypicks[1] = allpicks[i*ntsamples/npes]; npes — 24575
& [ wspac.:ec 557 mypicks[0].key = IDX_MIN; - ntsamples —— 1818550
B — YdrFileWrite 558 mypicks[npes].key = IDX_MAX;
-- m HdiviemRez ——
m ) Xdemird 560 _
& ™ XdrReaderd 561 WCOREPOP;  /* free allpicks */ —
- Xdrwriter cc =62 K|
B KmlAbstract— 562 STOPTIMER(ctrl, ctrl-=AuxTmrz2);
G 554 STARTTIMER(ctrl, ctrl-=AuxTmr3);
#- & External Code - 565 ] 4] I Tv)
[4] | ] | [ | M Type: none selected
Input/Output ] Breakpoints ] Watchpoints | Stacks | Tracepoints ] Tracepoint Output Loghook Evaluate = &
Stacks [# | Expression Value
Processes Threads Function m-'”z’ﬂﬂﬂ%
17223 172230 J=Imain (main.cc:37) Tpe int

172230 172231 ESimulationMaster:SimulationMaster (SimulationMastercog3) Range: from -2147259746 to 12282046

172230 1172231 = SimulationMaster:initialise (SimulationMastercc124) 49117223 processes equal
172230 72230 = hemelb:geometry:GeometryReader:LoadAndDecompose (GeometryReadercc:188)

172230 72230 ] = hemelb:geometry: GeometryReader:OptimiseDomainDecomposition (GeometryReaderc

172230 72230 = hemelb:geometry:decomposition:OptimisedDecomposition:OptimisedDecomposition

172230 72230 ] = hemelh:geometry:decomposition: OptimisedDecomposition:CallParmetis (Optimiset

172230 172230 F PamETIS_V3_PartGeomkway (gkmetis.c:20)

172230 72230 = libparmetis  Coordinate Parition (yzpart.cS8)

17223 I 17225

libparmetis

PseudoSampleSarnt (xyzpart.c.556)

(4]

[E] computer

| B titan-ext7

) (Lad

|| + Alinea DDT 4.2.1-36484

7353 processes playing
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Debugging in practice...

Insert print :
i
— allinea
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Some types of bug

Bohrbug Steady, dependable bug
Heisenbug Vanishes when you try to debug (observe)
Mandelbug Complexity and obscurity of the cause is so great that it

appears chaotic

Schroedinbug

First occurs after someone reads the source file and deduces
that it never worked, after which the program ceases to work

allinea
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Print statement debugging

* The first debugger: print
statements

— Each process prints a
message or value at

defined locations
— Diagnose the problem from 9
evidence and intuition
* Along slow process | x
— Analogous to bisection root
finding

« Broken at modest scale

— Too much output — too
many log files

allinea
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Bug fixing as scale increases

Reduced data set -

may not trigger
the problem?
Didn't you already .
Reproduce try the code at Debugging
Il scale?
at a /— P SEae \ at extreme

smaller scale is a
P Is it a system .
scale: cUe? necessity
Is probability
stacking up

against you?
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CPU Cores

Extreme machines are everywhere

10,000,000
1,000,000 //—~
100,000
10,000 |y -
1,000 Machine
sizes are
100 :
exploding
10
1 [ [ [ [ ]

—-No.1 -#=No.100 -+No.500

Software
scale grows

as machines
grow
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Titan and Mira

Titan

¢ 18,688 nodes

e 18,688 NVIDIA Kepler K20 GPUs
e 299,008 CPU cores

¢ 50,233,344 CUDA cores

Mira

¢ 49,152 nodes
e 786,432 cores
e 3,145,728 hardware threads

Does the printf workflow “work”?

allinea
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ALCF OLCF and Allinea deliver

2009 - Allinea and Oak Ridge
begin collaboration to provide
super-Petascale debugging

é 2010 - Allinea and Argonne
Argonne collaboration to extend scaling to
NATIONAL LASORATOR! BlueGene SyStemS

. 2013 - Mira and Titan full size
a"'@ debugging in place

allinea
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What you should expect (demand!) for
debugging at scale

Scalability

e A debugger that works to at least as high a scale as you need

Hardware and software support

e Whatever software you use and wherever you use it — the debugger supports it

Assistance

e Debugger is installed, configured, and documented — with site experts and training

allinea
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Allinea DDT
Fix software problems, fast

Powerful graphical debugger designed for :
— C/C++, Fortran, UPC, ...

— MPI, OpenMP and mixed-mode code |

Attach
Attach to an already running program.

— Accelerators and coprocessors: CUDA
and Intel Xeon Phi

Open Core
Open a core file from a previous run.

Restore Checkpoint
Restore a checkpoint from a previous run
AR Options

Remote Launch:
off

« Unified interface with Allinea MAP :

Quit

— One interface eliminates learning curve

Select Tool:

— Spend more time on your results

Allinea DDT Support Expires 2111-10-23

\, Allinea MAP Trial Licence (30 Second Time Limit) Buy Now

« Slash your time to debug

Reproduces and triggers your bugs instantly

Helps you easily understand where issues come from quickly

=
Helps you to fix them as swiftly as possible a I I I n Ea
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Allinea DDT: Scalable debugging by design

. . BB e B D
* Where did it happen? =
— Allinea DDT leaps to source automatically S e
— Merges stacks from processes TR
1 de;: do & Processes 0-1199

and th reads = =nin “ 2 mfsmwntmtmnmmm

o
2% | inpuioupur | Breakpons | Waschpoins ReasonOnign invald pemmissions for mapped
object

ST Your program wil probably be teminated f you

Processes  Function continue.
- - 200 You can use the stack controls to see what the

° H ow di It ha en D R i
. B IIEOTERRME < ey show s window for sgnals

‘ » Continue
3 "w

— Some faults evident instantly from source | Sl

Processes | Function

« Why did it happen? e

—__libc_start_main
. . . . 150120 Jmain
— Real-time data comparison and consolidation 1so10 2 pop (POP f90-81)
150120 Zjinitialize_pop (initial f90:113)
H £ : : H ” H 150120 Zlinit_communicate (communicate f90:87)
- Unlque Smart ngh“ghtlng o COIOurlng 150118 ] i-create_ocn_communicator (communicate f90:300)
differences and changes

— Sparklines comparing data across processes

Locals Current Line(s) | CurreniS’ElckI

— Force crashes to happen? «| |current Linecs
Variable Mame Value
— Memory debugging makes many random - 1T e

bugs appear every time ~mype won ] 2724




Five great things to try with Allinea DDT

im T (1=0:1<SIZE H; irr) ﬁ
it | for (j =8 ; j < SIZE 0; j++) U IR

Tracepoi Oupt Cl1I0j] = 6; A This file is newer than your pregram. Please recompile then restart yo
T alss ogged r(i=0;i<SIZEM; it+) 43 else
for (j =0 ; j < SIZE N; j++) =.1:
[vhone 085 ﬁ:ﬁum mype "'1 MmN ol .H‘ 18 wy Tor (k=0 ; k < SIZE 0; k++) - Zg } test=t
| kel | Cli1[3] += A[i]TK] = BIKI[j1; 46
O I otss s — 1 kmax P

UG ELER Program Stopped 47 B void func3()

"’“mﬁ _ﬁ;zﬁmu _'"”' \'_1 mEn H‘ Ll =l MPL § Frocess 0: ' - . Zg void* i = (void*) 1;

e Juva [P i I - s ST R

[ coe 015 ﬂi:::z-uu - ._.1 ol H‘ W - {N:w:::l;‘::t::::::w — A portaviiity s of type 'void *'. When using void pointers in calculz
A ez [intfH 1 | B continue || iipause || iipause s | Lizdxk il L s

s | . (2rgc S 56 . . .
| | e scalable print T R Static analysis warnings
" °

i

on code errors

alternative

&& Istrcmp(argv[i], "crash")) {
0; ttathetop (43 processes
s", *(char **)argv[i]);
11 se

ory Usagé | Allocation Table

Sotw acrens racesaes i Bytes) Curment Usage Acrass Fracesses. On Sytes)

Program Stopped

‘ Processes 0-3:

Memory error detected in main (hello.c:118):
null pointer dereference or unaligned memory access

Note: the latter may sometimes occur spuriously if gual
= 1: enabled

' Tip: Use the stack list and the local variables to explore
current state and identify the source of the error.

Detect read/write
beyond array bounds

Detect stale memory

allocations

allinea
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Beneath the Petascale Allinea DDT

 Scalable tree network =
— Sends bulk commands and "
merge responses
— Aggregations maintain the

essence of the information

— Step 100,000 processes?
100-150ms

« Usability matters

— The interface is as
Important as the speed

— Focus on scalable
components

B4 15 16 17 18 192020 2223 24 25 2627 28 29 30 31 32 33 34 35 36 37
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l|||un'
Example — ORNL’s Titan

‘ HPC code fails on 98,304 cores

‘ Random processes crashing

‘ Printf? Which processes and where?

‘ Too costly to repeat

‘ Allinea DDT finds cause first time

allinea

www.allinea.com



Offline debugging

o INnteractive access
difficult

9 FAY 01:42.176|1-15 Process stopped in sched_yield (syscall-template.5:82) with signal SIGSEGV (Segmentation fault).
Reason/Origin: kill, sigsend or raise

Your program will probably be terminated if you continue.

You can use the stack controls to see what the process was doing at the time.

. Use offline mode
« Submit and forget

exchange 1 (exchange 1.7:37)
pmpi_recy
PHPT_Recv
nca pnl_obl recv
opal_progress
sched_yield (syscall-template.S:82)
exchange 1 (exchange 1.7:55)
pmpi_recv
PHFI_Recv
nca_pnl obl recv
opal_progress
sched_yield (syscall-template.S:82)

- » Stack for process 1
. 10| 01:46.488|n/a Every process in your program has terminated.

/i
Messages Tracepoints Output [}
[]
Tracepoints
yS I S # Time Tracepoint |Processes Values
1 |00:13.451subdomain.f:96|0 jend: — Ony: — 9
2 |00:13.453|ssor.f:177 0-15 delunm(5): — 0.25
3 |00:13.455|ssor.f:177 0-15 delunm(5): — 0.25

allinea
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i
Example — ANL Mira

‘ HPC code fails on 16,384 cores

‘ Code abandoned — bug couldn’t be fixed

‘ Machine too busy for interactive debugging
‘ Allinea DDT offline mode runs bug case overnight

‘ Found error in initialization

allinea
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Interlude: Local Demonstration

« Simple persistent hanging
— Stepping through a code

* Process count dependent hanging:
— Attaching to the running job

allinea
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Getting started on Titan

e How?
module load ddt
ddt

« Congratulations, you are now ready to
debug.

allinea
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Getting started on Mira/Tukey

 Install local client on your laptop

— www.allinea.com/downloads
* Linux — installs full set of tools
* Windows, Mac — just a remote client to the remote system

— Run the installation and software
— “Connect to remote host”

— Hostname:
* username@cetus.alcf.anl.gov

* username@tukey.alcf.anl.qgov

— Remote installation directory: /soft/debuggers/ddt
— Click Test

« Congratulations you are now ready to debug.

allinea
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Favorite Allinea DDT Features for Scale

Auto-update

g

PR081)
tialize_pop (initial £90:119)
Zinit_communicate (communicate 8087)
Fereate_ocn_communicatr (communicate 50:300)

[
m L create_ocn_communicator (communicate £90:303)

1=

Automated data

Parallel stack view : :
comparison: sparklines

Parallel array searching

i o |

b erptFowsonmnent 0 Group () Process () Thread | |5

200004 processes ((200003)  Paused: 200004 Running 0
Curenty selected: »

Step, play, and

breakpoints Offline debugging

allinea
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Summary

Debugging at scale is not difficult

e 300,000 cores is as easy as 30 cores

e The user interface is vital to success

Debugging at scale is not slow

e High performance debugging — at Mira and Titan scale
e Logarithmic performance

Stable, in production and well supported

e Routinely used over 100,000 cores
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